Observation of top quark flavor changing neutral process t → c + γ at the LHC would be the signal of physics beyond the Standard Model. If anomalous t → cγ coupling exists, it will affect the precisely measured B(B → X s γ). In this paper, we study the effects of a dimension 5 anomalous tcγ operator inB → X s γ decay to derive constraints on its possible strength. It is found that, for real anomalous t → cγ coupling κ γ tcR , the constraints correspond to the upper bounds B(t → c + γ) < 6.54 × 10 −5 (for κ γ tcR > 0) and B(t → c + γ) < 8.52 × 10 −5 (for κ γ tcR < 0), respectively, which are about the same order as the 5σ discovery potential of ATLAS (9.4 × 10 −5 ) and slightly lower than that of CMS (4.1 × 10 −4 ) with 10 fb −1 integrated luminosity operating at √ s = 14 TeV.
I. INTRODUCTION
In the Standard Model (SM), top quark lifetime is dominated by the t → bW + process, and its flavor changing neutral current (FCNC) processes t → qV (q = u, c; V = γ, Z, g) are extremely suppressed by GIM mechanism. It is known that the SM predicts very tiny top FCNC branching ratio B(t → qV ), less than O(10 − At present, the direct constraints on B(t → qV ) are still very weak. For its radiative decay, the available experimental bounds are B(t → uγ) < 0.75% from ZEUS [4] and B(t → qγ) < 3.2% from CDF [5] at 95% C.L., respectively. These constraints will be improved greatly by the large top quark sample to be available at the LHC, which is expected to produce 8 × 10 6 top quark pairs and another few million single top quarks per year at low luminosity (10 fb −1 /year). Both ATLAS [6] and CMS [7] have got analyses ready for hunting out top quark FCNC processes as powerful probes for NP. With 10 fb −1 data, it is expected that both ATLAS and CMS could observe t → qγ decays if their branching ratios are enhanced to O(10 −4 ) by anomalous top quark couplings [6, 7] . However, if the top quark anomalous couplings present, they will affect some precisely measured qualities with virtual top quark contribution. Inversely, these qualities can also restrict the possible number of top quark FCNC decay signals at the LHC. The precisely measured inclusive decay B → X s γ is one of the well known sensitive probes for extensions of the SM, especially the NPs which alter the strength of FCNCs [8] . Thus, when performing the study of the possible strength of t → cγ decays at the LHC, one should take into account the constraints from B → X s γ [9, 10] .
In this paper, we will study the contribution of anomalous tγc operators to theB → X s γ branching ratio and derive constraints on its strength. In the next section, after a brief discussion of a set of model-independent dimension 5 effective operators relevant to t → cγ decay, we calculate the effects of operatorc L σ µν t R F µν in B → X s γ decay, which result in a modification to C 7γ . In Sec. III we present our numerical results of the constraints on its strength and the corresponding upper limits on branching ratio of t → cγ decays. Finally, conclusions are made in Sec. IV. Calculation details are presented in Appendix A, and input parameters are collected in Appendix B.
II. TOP QUARK ANOMALOUS COUPLINGS AND THEIR EFFECTS INB
Without resorting to the detailed flavor structure of a specific NP model, the Lagrangian describing the top quark anomalous couplings can be written in a model independent way with dimension 5 operators [11]
where κ is the complex coupling of its corresponding operator, θ W is the weak angle, and T a is the Gell-Mann matrix. Λ is the possible new physics scale, which is unknown but may be much larger than the electroweak scale. There are also Lagrangian describing the top quark anomalous interactions with dimension 4 and 6 operators, and the dimension 4 and 5 terms can be traced back to dimension 6 operators [12, 13] . In fact top quark anomalous interactions can be generally described by the gauge-invariant effective Lagrangian with dimension 6 operators in a form without redundant operators and parameters [10, 14] .
A recent full list of dimension 6 operators could be found in Ref. [15] . But for on-shell gauge bosons, the Lagrangian in Eq. (1) works and is commonly employed in high energy phenomenology analysis [3, 6, 16] .
The operators in Eq.
(1) relevant to t → qγ decays read
It is understood that the Dirac matrix σ µν connects left-handed fields to right-handed fields, the t → cγ transition will involve two independent operators m qqR σ µν t L F µν and m tqL σ µν t R F µν , where the mass factors must appear whenever a chirality flip L → R or The anomalous tγq coupling affects b → sγ decays through the two Feynman diagrams depicted in Figs. 1(a) and 1(b) . It is interesting to note that the CKM factors in Fig. 1(a) and 
Usually m s term can be neglected, and the function f R (x) is calculated to be
W . Now we are ready to incorporate the NP contribution into its SM counterpart forB → X s γ decay.
In the SM, it is known thatB → X s γ decay is governed by the effective Hamiltonian at
where C i (µ) are the Wilsion coefficients, O i=1−6 are the effective four quark operators and
For calculating B(B → X s γ), instead of the original Wision coefficients C i , it is convenient to use the so called "effective coefficients" [18]
where η = α s (µ W )/α s (µ b ) and 
To the leading order approximation, the B(B → X s γ) is proportional to |C
In terms of the operator basis in Eq. (5), the contribution of the anomalous t → cγ couplings in Eq. (3) would result in the deviation of
and C NP 7γ (M W ) can be read from Eq. (3) as
In principle, C ′eff 7γ (m b ) will receive corrections from anomalous t → cg couplings in Eq. (1) which will cause a deviation to C Combined with the previous remarks on this operator, the effects ofq R σ µν t L F µν could be safely neglected.
III. NUMERICAL RESULTS AND DISCUSSIONS
The current average of experimental results of B(B → X s γ) by Heavy Flavor Average
Group is [19] 
On the theoretical side, the NLO calculation has been completed [20, 21] , and gives
The recent estimation at NNLO [22] gives The allowed region for the parameters |κ 
Obviously, when Re κ γ tcR > 0, the interference between them is constructive, and it turns to be destructive when θ Table I ) corresponds to the situation that the sign of C eff 7γ is flipped. However, it has been excluded by the CDF upper bound of B(t → cγ) < 0.032 [5] . The another solution (S1 column in Table I) |κ γ tcR /Λ| < 5.6 × 10 −5 GeV −1 will result in the upper limit B(t → cγ) < 8.52 × 10 −5 .
Taking θ
• and ±110
• as benchmarks, we summarize our numerical constraints on κ γ tcR and their corresponding upper limits on B(t → cγ) in Table I . From the table, we can find that our indirect bound on real κ γ tcR is much stronger than the CDF direct bound. The corresponding upper limits on B(t → cγ) are about the same order as the ATLAS sensitivity B(t → cγ) > 9.4 × 10 −5 [6] and CMS sensitivity B(t → cγ) > 4.1 × 10 −4 [7] with an integrated luminosity of 10 fb −1 of the LHC operating at √ s = 14 TeV [6] .
IV. CONCLUSIONS
In this paper, starting with model independent dimension five anomalous tcγ operators, we have studied their contributions to B(B → X s γ). It is noted that the t → cγ transition will involve two independent operators κ γ tcRc L σ µν t R F µν and κ γ tcLc R σ µν t L F µν . The first operator will produce a left-handed photon in t → cγ decay, while the second one will produce a right-handed photon. It is found thatB → X s γ is sensitive to the first operator, but not to the second one.
For real κ γ tcR , the constraint on the presence of κ γ tcRc L σ µν t R F µν is very strong, which corresponds to the indirect upper limits B(t → cγ) < 6.54 × 10 −5 (for positive κ γ tcR ) and B(t → cγ) < 8.52 × 10 −5 (for negative κ γ tcR ), respectively. These upper limits for B(t → cγ) are close to the 5σ discovery sensitivities of ATLAS [6] and slightly lower than that of CMS [7] with 10 fb −1 integrated luminosity operating at √ s = 14 TeV. For nearly imaginary κ γ tcR , the constraints are rather weak since C 7γ in the SM is a real number. If B(t → cγ) were found to be of the order of O(10 −3 ) at the LHC in the future, it would imply the weak phase of κ γ tcR to be around ±100
• . However, such a coupling might be ruled out by the other observable in B meson decays [30] .
In summary, we have studied the interesting interplay between the precise measurement of b → sγ decay at B factories and the possible t → cγ decay at the LHC. For real anomalous coupling, it is shown that B(t → cγ) has been restricted to be blow 10 −4 at 95% C.L. bȳ B → X s γ decay, which is already two order lower than the direct upper bound from CDF [5] . The result also implies that one may need data sample much larger than 10 fb −1 to hunt out t → cγ signals at the LHC.
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with R = (1 + γ 5 )/2 and L = (1 − γ 5 )/2. By Dirac algebra
the terms with q 2 in N vanishes and N becomes
Thus, there is no divergence in Γ ν (p, k). After integrating out q in the Γ ν (p, k) and using on-shell condition, Γ ν (p, k) can be written in the following form,
where
Using the convention of Ref. [21] , we have
(A9)
Appendix B: Main formulas and inputs
Following the notation in Ref. [20] , the branching ratio ofB → X s γ can be expressed as
where P (E 0 ) is the perturbative ratio
which includes the Wilson coefficients of Eq. 7. N(E 0 ) denotes the non-perturbative corrections. The semileptonic phase space factor
can be obtained from a fit of the experimental spectrum of theB → X c lν [23] .
For calculating B(t → cγ), we use the NLO formulas in Ref. [16] and [24] . Because t → bW is the dominant top quark decay mode, the branching ratio of t → cγ is defined as
The partial width Γ(t → cγ) at the NLO can be found in Ref. [16] , namely, [26] m c (m c ) = (1.224 ± 0.017 ± 0.054) GeV [27] λ = 0.22543 ± 0.00077 [26] m t,pole = 172.0 ± 0.9 ± 1.3 GeV |V * ts V tb /V cb | 2 = 0.9625 ǫ ew = 0.0071 [20, 29] (V * us V ub )/(V * ts V tb ) = −0.007 + 0.018i N (E 0 ) = 0.0036 ± 0.0006 [20] V * cs /V * ts = −24.023 − 0.432i E 0 = 1.6 GeV where Γ 0 (t → cγ) = αm The experimental inputs are collected in Table. II, in which the CKM factors are derived from the Wolfenstein parameters A, λ,ρ andη. hep-ph/0006032.
